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C57)Abstract: 

PROBLEM TO BE SOLVED: To enhance activity, to 
make carbon difficult to deposit and to easily remove 
carbon at the time of producing a synthetic gas 
contg. carbon monoxide and hydrogen from a gas 
consisting of carbon dioxide and methane by 
depositing palladium and rhodium on a metal oxide 
respective in a specified amrt. 
SOLUTION: Carbom dioxide 1 and methane 2 are 
mixed in 1:1 molar ratio and supplied to a reactor 3, a 
catalyst 4 prepared by depositing palladium and 
rhodium on a metal oxide respectively by O.I-IOwt.% 
is set in the reactor 3, hence the carbon dioxide 1 
reacts with the methane 2, and a synthetic gas 5 
contg. carbon monoxide and hydrogen is generated. 
The composition of the synthetic gas 5 is detected by 
a monitor 6 at all times. As a result, the activity of 
the catalyst 4 is enhanced, and elementary carbon is 
hardly deposited on the catalysL If any carbon is 
deposited, the carbon is easily removed, and the 
activity of the catalyst 4 is restored. 
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* NOTICES * 

Japan Patent Office is not responsibi f r any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely, 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 

DETAILED DESCRIPTION . . .. 

[Detailed Description of the Invention] 

[0001] ^ ^ 

[The technical field to which invention belongs] this invention relates to the manul^cture 
method which used the catalyst for manufacture of synthesis gas, and it. In detail, rt is related 
with the catalyst used in case the synthesis gas containing the gas containing methane to a 
carbon dioxide, a carbon monoxide, and hydrogen is manufactured, and the manufacture 
method of synthesis gas using the catalyst. 
[0002] 

[Description of the Prior Art] As manufacture of the synthesis gas which used a carbon 
dioxide and methane as the raw material is shown in a formula (i), since rt is the 
disappearance reaction of greenhouse gas (C02, CH4), research is done in every direction by 
obtaining the mixed gas of CO and H2 of the 1 :1 optimal composition for the Oxo method 
(hydroformylation of the various olefins using the catalyst) upwards. 
[0003] 

C02+CH4 -> 2CO+2H2 (i) , 
As a catalyst of this above-mentioned reaction (formula 0)X the nickel-aluminum203 grade is 
already examined. However, although a conversion rate is not low practical in a low 
temperature side and. as for these, a high conversion rate is relatively obtained by the 
elevated-temperature side on the other hand, it becomes remarkable the following side 
reaction 01) and (ill) simple substance carbon's (graphite's) depositing [ to depend ], 
degradation and deactivation of a catalyst happen, and a conversion efficiency falls with time. 
[0004] 

CH4 -> C+2H2 (ii) 

2C02+CH4 -> C+2C0+2H20 (iii) 

Furthermore, there were problems, like H2 / CO ratio of the gas obtained are much less than 
1 with side reaction (iii). ^ ^ ^^^ 

[0005] Invention aiming at solving such a problem is opened to JP.1 -148343 A ****** 6- 

503297. and JP.6-279004A ^ . 

[0006] inside — JP.1 -148343 A — the — it is related with the catalyst for synthesis gas 
characterized by containing the oxide of a VIU group element (the same as the eight to 10 
present group to considerable and the following, and rare earth elements as an active 
ingredient Compared with the catalyst of nickel system for which this catalyst was used till 
then, there are few deposits of carbon and it characterizes by activity being high. 
[0007] 

[Problem(s) to be Solved by the Invention] However, rf the example of the official report is 
seen, the H2-/C0 ratio of the synthesis gas at the time of using the 1:1 mixed gas of a 
carbon dioxide and methane as a raw material will be 0.89 also m the highest example, and 
yield's will be low. and it will have suggested that the above-mentioned side reaction (til) Is 
carrying out considerable grade concurrence. Moreover, also in JP.6-279004.A or a ****** 
No. 503297 [ six to ] official report an H2-/CO ratio is less than one, and its yield is also low. 
[0008] It is difficult for the above-mentioned official report to manufacture synthesis gas 
continuously with the catalyst from which a deposit of the carbon of a publication tends to 
take place for th deactivation, and it is difficult to obtain the stable H2-/CO ratio also in the 
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state wh ro activity remains to some xtent. Changing an H2-/CO ratio sharply poses a big 
problem, when using the obtained synthesis gas for various raw materials. 
[0009] Then, change of the H2-/CO ratio of the synthesis gas which can remove the carbon 
easily even if the purpose of this invention has high activity, and carbon cann t deposit easily 
and deposits, as a result, enables manufacture of the synthesis gas over a long period of time, 
and is generated further is offering the catalyst for manufacture of the synthesis gas which 
gives a small reaction, and the manufacture method of synthesis gas using the catalyst. 
[0010] 

[Means for Solving the Problem] this invention person completed this invention, as a result of 

repeating various examination, in order to attain the above-mentioned purpose. 

[001 1] The 1st invention is a catalyst used in case the synthesis gas containing the gas 

containing methane to a carbon dioxide, a carbon monoxide, and hydrogen is manufactured. 

and relates to the catalyst for manufecture of the synthesis gas characterized by supporting 

palladium and a rhodium in 0.1-10% of the weight of the range on a metallic oxide. 

respectively. 

[0012] The 2nd invention relates to the manufacture method of the synthesis gas 
characterized by using the catalyst of the 1st invention In manufacturing the synthesis gas 
containing the gas containing methane to a cariaon dioxide, a cartoon monoxide, and hydrogen. 
[0013] The 3rd invention relates to the manufacture method of tine synthesis gas the 2nd 
invention characterized by removing the simple substance carbon which deposits on a 
catalyst in the manufacture process of synthesis gas using hydrogen gas so that the H2 /CO 
ratio (mole ratioD stabilized over the long period of time can be maintained. 

[0014] ^ 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 

[0015] In the catalyst of this invention, the metals supported by support are palladium and a 

rhodium and these are indispensable components. You may support other metals witiiin limits 

which do not check the activity of palladium and a rhodium further. 

[0016] The sum total of the amount of support of the palladium and the rhodium which are 
used for the catalyst of this invention is set as 0.1 - 10% of the weight of the range to the 
catalyst whole quantity, respectively. Palladium is 1.0 - 5.0 % of the wei^t, a rhodium is 0.5 - 
5.0 % of the weight more preferably, palladium is 1.5 - 3,1 % of the weight, and a riiodium is 0.9 

- 3.0 % of the weight . ^ ^ .. _,- j 

[0017] moreover, the support quantitative ratio (Pd/Rh weight ratio) of palladium and a 
rhodium — desirable — 0.5-4 — it is the range of 1.0-3.5 more preferably 
[0018] A metallic oxide is used as support used for the catalyst of this invention. Usually, 
although the activated alumina (aluminum 203) cunrentiy used as a catalyst support, a 
magnesium oxide (MgO), titanium oxide Cn02), a silica CSi02), etc. are applicable, an activated 
alumina (aluminum 203) is desirable especially. 

[0019] Manufacture of a catalyst can be conventionally performed by the well-known method. 
For example, the sinking-in method, a coprecipitation method, a thermal decomposition 
method, alligation, etc. are mentioned. . • • 

[0020] Next the manufacture method of synthesis gas using the catalyst of this invention is 

explained. ^ r t^- - • 

[0021] As for the reaction temperature in the manufacture method of this invention, rt is 
desirable that it is 500-1200 degrees C. It is 700-900 degrees C more preferably. 
[0022] 0-20 kg/cm2G are suitable for the pressure in tiie manufacture method of this 
invention, and the range of it is 0-1 0 kg/cm2G preferably. 

[0023] The material gas in the manufacture method of this invention is gas containing a 
carbon dioxide and methane. In material gas, you may contain inert gas, such as nitrogen and 
helium. Moreover, although it is desirable to set rt as 1/1 as for the mixing ratio (C02/CH4 
(mole ratio)) of a carbon dioxide and methane, a reaction condition etc. may adjust a mixing 
ratio within the limits of 3 / 1 - 1/3. Less than [ SV/h-1 =60000 ] is suitable for the flow rate 
of material gas. and the range of it is not more than SV/h-1 =40000 preferably. In addition, 
space velocity (Space Velocity) is expressed in SV. 
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[0024] Moreover, by the manufecture method of this invention, you may remove the simple 
substance carbon which deposits on a catalyst in the manufacture proc ss of synthesis gas 
using hydrogen gas so that the catalyst performance stabilized over the long period of time 
can be maintained. For example, using the equipment shown in drawing 1 . hydrogen gas can 
be contacted for the catalyst in a reactor, and can be carried out to It. After stopping supply 
of the material gas which contains a carbon dioxide and methane when an H2-/CO ratio 
becomes supervising an H2-/CO ratio with supervisory equipment although the below- 
mentioned example specrficaliy explains, and separating from the set point (for example, 1/1) 
greatly, supplying hydrogen gas instead, making a catalyst contact and removing simple 
substance carbon, the aforementioned material gas is supplied again and synthesis gas is 
manufactured. 

[0025] In manufecture of synthesis gas, it is because considerable grade concurrence is 
carried out [ the aforementioned side reaction (ii) and (iii) ] that a deposit of carbon takes 
place. Therefore, if such side reaction is suppressed as much as possible, a deposit of carbon 
can be reduced and it will enable H2 / CO ratio to obtain about 1 synthesis gas as the result 
Moreover, if depositing carbon uses an easily removable catalyst even if carbon should 
deposit it will also become sufficiently possible to use a catalyst semipermanently. Then, as a 
result of furthering wholeheartedly development of the catalyst for synthesis g^s manufacture 
which can suppress such side reaction and can remove deposit carbon easily, it came to 
check that the catalyst of this invention is the optimal. 

[0026] The catalyst of this invention arranges the low rhodium of compatibility with simple 
substance carbon, and the palladium which has a hydrogen radlcaHzed function and an 
occlusion function on a catalyst support the catalyst of such this Invention has an easily 
removable property, even if it should be markedly alike compared with the conventional 
catalyst and simple substance carbon should not deposit easily and simple substance carbon 
should deposit Therefore, it becomes possible to manufacture synthesis gas, suppressing a 
deposit of simple substance carbon by using the catalyst of this invention to the minimum. 
Moreover, after a prolonged reaction, even if a catalyst should deteriorate by deposit of 
carbon, by removing deposit carbon by the manufacture method of this invention, the 
performance is recovered for a short period of time, and it becomes possible to manufacture 
the synthesis gas by which the H2-/CO ratio was stabilized over a long period of time. 

[0027] , . 

[Example] Hereafter, although an example explains this invention further, this invention (s not 

limited to these. . • 

[0028] The example of production of the catalyst of example 1 this invention is shown below. 
Rhodium-chioride (in) 3 hydrate and a palladium chloride (n) are melted in water, an activated 
alumina (aluminum 203) is added and warmed in this solution, and a metal ion is infiltrated. 
The obtained metal ion sinking-in alumina was heat-treated under the hydrogen air current 
the metal ion was returned even to the simple substance, and the alumina catalyst (Pd- 
Rh/aluminum 203) which supported Rh for Pd 1% of the weight 3% of the weight was 
produced. 

[0029] The mixed gas of a cariDon dioxide and methane (1:1 mole ratios) was made to react in 
a flow rate predetermined with an ordinary pressure and the reaction temperature of 730 
degrees C using Pd-Rh/aluminum 203 of an example 2 - the 4 above-mentioned examples 1. 
[0030] The result immediately after a reaction start is shown in Table 1. Thus, the synthesis 
gas a carbon monoxide and whose hydrogen are about 1:1 (mole ratio) was obtained according 
to the catalyst of this invention. 
[0031] 
CTable l] 
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[0032] The mixed gas of a carbon dioxide and methane (1:1 mole ratios) was made to react for 
a long period of time using Pd-Rh/aluminum 203 of the example 5 above-mentioned example 
1 by the ordinary pressure, the reaction temperature of 730 degrees C» and quantity-of-gas- 
flow (simian virus/h -1) =10000. 

[0033] A result is shown in Table 2. The synthesis gas a carbon monoxide and whose 
hydrogen are about 1:1 is obtained, and decline in yield is also small. Moreover, after the 
reaction end. although the catalyst was taken out and observed, the carbonaceous amounts 
of deposits were few. 
[0034J 
[Table 2] 
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[0035] Example 6 drawing 1 is explanatory drawing of the manufacture method of this 
example. Methane (2) is mixed with a carbon dioxide (1) by 1:1 (mole ratioX and rt sends to a 
reactor (3). Set the catalyst (4) of this invention in a reactor (3), a carbon dioxide (1) and 
methane (2) are made to react efficiently, and synthesis gas (5) is generated. It enabled it to 
always grasp composition of synthesis gas (5) with supervisory equipment (6). 
[0036] If composrti'on should become that the range set up beforehand is likely to be 
exceeded, supply of a carbon dioxide (1) and methane (2) is stopped, a material gas side bulb 
(9) is closed, the hydrogen side bulb for reproduction (8) is opened, and the hydrogen for 
reproduction (7) is supplied. Moreover, a synthesis gas side bulb (10) can be closed 
simultaneously, and methane can be collected by opening a recovery side bulb Cl 1). It mixes 
with methane (2) and this collected methane is again used as material gas. In addition, these 
bulb operations can be performed by electronics control, 

[0037] The carbon-dioxide-methane mixed gas which made methane superfluous [ size ] was 
made to react for 1 68 hours using the equipment of the example 6 which set Pd-Rh/aluminum 
203 of tine example 7 aforementioned example 1 by the ordinary pressure, the reaction 
temperature of 730 degrees C. and quantity-of-gas-flow (SV/h -1) =10000. and simple 
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substance carbon was dep sited intentionally. When supply of mixed gas was stopped and 
hydrogen was supplred instead (SV/h-1 =30000), extrem ly. simple substance carbon changed 
to methane and it was removed in the inside of a short time (2 minutes). Carbon was not 
collected from the residue although the catalyst after a reaction end was dissolv d from the 
acid. The simple substance carbon on a catalyst was sometimes clearly removed from this. 
[0038] The catalyst used in the example 8 above-mentioned example 7 was again used for the 
reaction of carbon-dioxide-methane mixed gas (1:1 mole ratios) on the same cohditions as an 
example 5. Consequently, the same activity as reproduction before was shown as shown in 
Table 3. 
[0039] 
[Table 3] 
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[0040] By the same method as example 9 example 1. Pd and Rh were supported with various 
ratios to the activated alumina, and the catalyst was prepared. The amount of generation of 
CO by each of these catalysts was relatively evaluated using TG-MS. A .carbon dioxide and 
methane (1:1 mole ratios) were made to react in an ordinary pressure, the reaction 
temperature of 730 degrees C. and material gas flow rate of 100cm 3/min (degree C [ 0 ], 
latm conversion) as setups. A result is shown in Table 4. In addition. CO peak intensity ratio 
of a mass spectrum was based on the value by the catalyst which supported only Pd. 
[0041] 
[Table 4] 
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[0042] 

[Effect of the Invention] Even if according to this invention the activity of a catalyst should 
be high, simple substance carbon should hardly deposit on a catalyst and it should deposit so 
that clearly from the above explanation, this can be removed easily and catalytic activity can 
be recovered. Consequently, the synthesis gas which has stable H2 / CO ratio can be 
obtained by high yield over a long period of time, and the synthesis gas used suitable for the 
Oxo method etc. can be obtained. 



[Translation done.] 
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